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Background: Acquired brain injury (ABI), which includes traumatic (TBI) and non-traumatic brain injury (nTBI), is a
leading cause of death and disability worldwide. The objective of this study was to examine the trends, characteristics,
cause of brain injury, and discharge destination of hospitalized older adults aged 65 years and older with an ABI
diagnosis in a population with universal access to hospital care. The profile of characteristics of patients with TBI and
nTBI causes of injury was also compared.
Methods: A population based retrospective cohort study design with healthcare administrative databases was used.
Data on acute care admissions were obtained from the Discharge Abstract Database and patients were identified using
the International Classification of Diseases – Version 10 codes for Ontario, Canada from April 1, 2003 to March 31, 2010.
Older adults were examined in three age groups – 65 to 74, 75 to 84, and 85+ years.
Results: From 2003/04 to 2009/10, there were 14,518 episodes of acute care associated with a TBI code and 51, 233
episodes with a nTBI code. Overall, the rate of hospitalized TBI and nTBI episodes increased with older age groups.
From 2007/08 to 2009/10, the percentage of patients that stayed in acute care for 12 days or more and the percentage
of patients with delayed discharge from acute care increased with age. The most common cause of TBI was falls while
the most common type of nTBI was brain tumours. The percentage of patients discharged to long term care and
complex continuing care increased with age and the percentage discharged home decreased with age. In-hospital
mortality also increased with age. Older adults with TBI and nTBI differed significantly in demographic and clinical
characteristics and discharge destination from acute care.
Conclusions: This study showed an increased rate of acute care admissions for both TBI and nTBI with age. It also
provided additional support for falls prevention strategies to prevent injury leading to cognitive disability with costly
human and economic consequences. Implications for increased numbers of people with ABI are discussed.
Keywords: Brain injury, Epidemiology, OutcomesBackground
Acquired brain injury (ABI) has been defined as damage
to the brain that occurs after birth from traumatic or
non-traumatic causes [1]. It is a leading cause of death
and disability worldwide and the physical, cognitive, psy-
chosocial, and long term consequences of ABI are well
documented [2,3]. Recent data from Faul et al. showed
that each year, approximately 1.7 million people sustain
a traumatic brain injury (TBI) in the United States and it* Correspondence: angela.colantonio@utoronto.ca
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reproduction in any medium, provided the oris a contributing factor to 30% of all injury related
deaths [4]. Studies have indicated that the rates of TBI
are highest among older adults aged 65 years and older.
In the United States from 2002 to 2006, the highest rate
of TBI was among patients aged 75 years and older
(339.3 per 100,000) and the third highest rate was
among patients aged 65 to 74 years (113.3 per 100,000)
[4]. In Finland from 2001 to 2005, the rates of TBI also
increased with age among older adults, with the rate of
patients aged 80 years and older the highest at approxi-
mately 425 per 100,000 and approximately 210 per
100,000 among patients aged 70 to 79 years [5]. In the
province of Ontario in Canada from 1992 to 2002, the
highest rates of hospitalizations associated with TBI
among both males and females occurred in the 86+td. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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years, and patients aged 66 to 75 years [6]. Updated re-
sults from Colantonio and colleagues in Ontario showed
that the rates of TBI from 2002 to 2007 continued to in-
crease with age among older adults 65 years and older
[7]. Despite this high incidence, there are relatively few
papers that specifically focus on TBI among older adults
from a population based perspective, and none to date
in Canada.
Furthermore, there is an existing paucity of population
based research on non-traumatic brain injury (nTBI)
outcomes as a whole, which includes diagnoses of non-
degenerative conditions such as brain tumours, anoxia,
infections and toxic effects among older adults. A recent
report by Cancer Care Ontario showed that brain and
central nervous system cancer incidence rates in Ontario
from 1998 to 2007 peaked at approximately 70 years of
age [8]. However, it is important to note that this report
did not track benign tumours of the brain and CNS,
which may not have the same implications for life ex-
pectancy but may still seriously affect cognitive and
other functional abilities. An increasing incidence of
brain tumours has been reported since the early 1990s.
For example, in 1991 Mao et al. found that brain cancer
rates among Canadians aged 65 years or older increased
by up to 733% from 1969 to 1985 and the rate of hos-
pital admissions among this age group increased by
269% among males and 408% among females [9]. More
recently, Arora et al. reported in 2010 an increase in the
incidence of primary central nervous system tumours
among the elderly in England, with increases of up to
176% for those aged 80 to 84 years [10]. Finally, Lonn
et al. in 2004 found an increase in the incidence of brain
tumours in four Nordic countries among those aged 60
years and older [11]. There is little population based data
providing a detailed examination of these older adults,
who now have had better survival rates than ever before.
Despite having very different causes, patients with
nTBI often have similar functional sequelae as patients
with TBI and are often treated in similar post-acute set-
tings for rehabilitation. However, less is known about
this group of patients at risk for long term cognitive dis-
ability. A study comparing TBI and nTBI patients in in-
patient rehabilitation in Ontario supports a differential
profile of patients by type of brain injury [12]. Specific-
ally, it was found that TBI patients were significantly
more likely to be male, younger, live in rural areas, and
to have had longer lengths of stay in inpatient rehabilita-
tion. Conversely, nTBI patients had significantly more
comorbidities and had a higher percentage of mental
health diagnoses. However, the extent to which the out-
comes of older adults are similar such as in acute care
settings is currently not known, as most studies to date
have focused on differences across age groups [13,14]. Ina recent study by Chen et al. on ABI patients aged 19
years and older discharged from acute care, older adults
aged 65 years and over were at least 1.22 times as likely
as patients aged 35 to 44 years to be discharged to in-
patient rehabilitation compared to home and at least
2.73 times as likely as to be discharged to other institu-
tionalized care compared to home [15]. However, this
and other studies [16] do not describe the full range of
outcomes (e.g., deaths, discharge to complex continuing
care), and thus additional research is required to better
understand the outcomes among the nTBI population,
and particularly in older adults. A more detailed examin-
ation is warranted given the increasing number of older
adults at risk for both types of brain injury and their
utilization of health care resources.
Currently, there are few population based studies on
older adults with TBI and even fewer that specifically
examine older adults with nTBI [6,7,12,15,16]. This
present study on older adults examined both TBI and
nTBI in acute care from a publicly funded healthcare
system that is less likely affected by differential access to
health care. This study addresses the gaps in research on
older adults with ABI. We sought to describe the trends
in hospitalization among older adults with ABI as well
as their characteristics. Mechanisms of injury were ex-
plored and discharge destinations from acute care were
identified. Finally, this paper compared TBI and nTBI
patients to determine differences among these diagnostic
groupings. As of July 1, 2011, Ontario is home to 39% of
all Canadians, 14% of which are older adults [17,18]. It is
estimated that by the year 2036, older adults will make
up a quarter of Canada’s population [19]. As such, it is
crucial to identify the trends of ABI among older adults
and the characteristics of these patients in order to in-
form preparation of service delivery for this growing
population.
Methods
Data source and case definition
The Ontario ABI Dataset was used for this study. Data
on all hospitalizations in Ontario were obtained from
the Discharge Abstract Database (DAD) from the Minis-
try of Health and Long-Term Care (MOHLTC). The
DAD contains all acute care hospital admissions since
1963 from over 194 publicly funded hospitals in Ontario
[20]. Each record in the dataset includes demographic
and clinical information about all hospital admissions
and discharges, including transfers and deaths, using
standard diagnosis and procedure/intervention codes.
All hospitals in Ontario are required to submit demo-
graphic and clinical information about all hospital ad-
missions and discharges, including transfers and deaths,
to the Canadian Institute for Health Information, which
collates these data. Trained hospital medical records
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chart using standard diagnosis (ICD-9, the International
Classification of Diseases - 9th revision and ICD-10-CA,
the enhanced Canadian version of the 10th revision of
the International Statistical Classification of Diseases
and Related Health Problems) and procedure/interven-
tion codes (CCP, the Canadian Classification of Proce-
dures and CCI, the Canadian Classification of Health
Interventions). Data quality in the DAD has been
assessed using chart reabstraction and indicated good
agreement for non-clinical variables, moderate to sub-
stantial agreement for the most responsible diagnoses,
and good specificity of ABI codes [21]. Residents of On-
tario have universal access to hospital-based care.
ABI cases were identified in the DAD by the presence
of an International Classification of Diseases – Version
10 (ICD-10) code for TBI and nTBI in any diagnosis
position (up to 25, including primary and secondary
diagnoses). The ICD-10 codes used were based on a lit-
erature review and stakeholder consultation in the
Canadian context [22]. TBI codes were categorized into
three diagnoses – fracture and crushing of the skull and
facial bones (S02.0, S02.1, S02.3, S02.7, S02.8, S02.9,
S07.1), intracranial injury, excluding those with skull
fracture (S06.0, S06.1, S06.2, S06.3, S06.4, S06.5, S06.6,
S06.7, S06.8, S06.9), and late effects of injuries (F07.2,
T90.2, T90.5). NTBI included anoxia (G93.1, T71, T75.1,
R09.0), brain tumours (C70, C71, C79.3, C79.4, D32.0,
D33.0, D33.1, D33.2, D33.3, D42.0, D43, D43.2, G06.0,
G06.1, G06.2, G07, G93.0), encephalitis (A81.1, A83.0,
A83.2, A86.0, B00.4, B01.1, B02.0, B05.0, B94.1, G04.0,
G04.2, G04.8, G04.9, G05, G09), meningitis (A87, B01.0,
B37.5, G00, G01, G02, G03), metabolic encephalopathy
(E10.0, E11.0, E13.0, E14.0, E15, G92, G93.4), other brain
disorders and infections (G91.0, G91.1, G91.2, G93.2,
G93.5, G93.6, G93.8, G93.9, G99.8, R29.1), toxic effects
of substances, chiefly non-medical as to source (T40.5,
T42.6, T51, T56, T57.0, T57.2, T57.3, T58, T64, T65.0),
and vascular insults not captured in other national stud-
ies of stroke (I62.0, I62.9). We excluded stroke patients
in the nTBI group when it was in the most responsible
diagnosis field and anywhere in TBI diagnosis fields.
Variables
Rates were calculated using the number of unique ABI
episodes divided by the population intercensal estimates,
obtained from Statistics Canada, expressed per 100,000
persons. Demographic variables included age and sex.
Older adults were defined as 65 years and older and
were categorized in three different age groups (65 – 74,
75 – 84, and 85+ years). Older adults aged 65 years and
older were examined as one group when comparing TBI
and nTBI patients. Fiscal years 2003/04 to 2009/10 were
examined to determine trends in the rates of ABIhospitalizations over time, while fiscal years 2007/08 to
2009/10 were examined to determine the characteristics
and mechanisms of injury in acute care during this time
period.
Clinical variables included the Charlson Comorbidity
Index, length of stay in acute care, number of alternate
level of care days, and number of special care days.
Comorbidities were analyzed using the Charlson Comor-
bidity Index, categorized into scores of 0 – 1 (low), 2 – 3,
and 4+ (high) [23]. This index is widely accepted as a use-
ful tool for measuring comorbidity disease status and has
shown to have a consistent correlation to in-hospital mor-
tality [24]. Each Charlson Comorbidity was also examined.
For all DAD records, all multiple Charlson Comorbidities
were included. Length of stay (LOS) in acute care was de-
fined as the number of days between admission and dis-
charge in acute care. Alternate level of care (ALC) days is
a quality of care indicator that represents hospital beds oc-
cupied by patients who do not need the intensity of acute
care services and who would be more appropriately cared
for in other settings [25]. ALC days were calculated as the
sum of all days in ALC. Special care days were defined as
the cumulative number of days spent in all intensive care
units. Discharge disposition from acute care included
death in acute care, home, inpatient rehabilitation, com-
plex continuing care (CCC), long term care (LTC), and
‘other’. This was measured using an algorithm between 2
variables, discharge disposition and institutional transfer
type.
Mechanism of injury variables were classified
according to the Centers for Disease Control and Pre-
vention (CDC) external cause of injury matrix [26].
These variables included falls, motor vehicle collision
(MVC), struck by/against, and other. Falls were further
categorized into falls on the same level (W00, W01,
W03, W18), falls from one level to another (W11, W12,
W13, W14, W15, W16, W17), falls involving furniture
(W06, W07, W08), falls involving wheelchair or walker
(W05, W0501), falls on and from stairs and steps (W10),
and other falls and unspecified falls (W0502, W0503,
W02, W0201, W0203, W0204, W0208, W04, W09,
W0901, W0902, W0904, W0905, W0908, W0909,
W0508, W0509, Y30, W19). For each DAD record, all
multiple external causes of injury codes were included.
The types of nTBI were also examined by age groups to
determine the cause of nTBI among older adults. For
each DAD record, all multiple nTBI codes were
included.
Analyses
TBI and nTBI patient data were analyzed separately. All
hospital separations were grouped into episodes of care
using a 24 hour rule, such that admissions that occurred
within 24 hours of a previous discharge were considered
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separation was considered. Chi-square tests were
conducted to examine (1) the association between age
categories and characteristics, mechanism/type of injury,
and discharge destination, and (2) whether older adults
with TBI and nTBI differ in select demographic and clin-
ical characteristics and in their discharge destinations
from acute care. Note that due to the large sample size,
even small differences were statistically significant. Uni-
variate odds ratios were produced for comparisons be-
tween TBI and nTBI patients. For the patient charac-
teristic tables only, the first ABI episode per patient was
used; therefore, this is a patient level analysis (vs.
hospitalization episode level). Bonferroni correction was
applied, with a criterion significance of p < .05 divided
by the number of comparisons conducted.
Privacy and ethics
Research ethics approval was received from the Toronto
Rehabilitation Institute Research Ethics Board. All investiga-




From fiscal years 2003/04 to 2009/10, there were 14,518
TBI hospitalization episodes among older adults. DuringTable 1 Number and rate of hospitalized ABI episodes by age
Fiscal year of
discharge 65 – 74 Years
N Rate per 100,000 N
TBI
2003/04 – 2009/10 4,348 71 6,2
2003/04 589 70 70
2004/05 500 59 76
2005/06 549 64 83
2006/07 604 70 86
2007/08 679 76 96
2008/09 698 76 1,0
2009/10 729 78 1,1
nTB
2003/04 – 2009/10 22,840 372 20,8
2003/04 3,360 400 3,0
2004/05 3,297 388 3,0
2005/06 3,337 390 3,1
2006/07 3,126 360 2,8
2007/08 3,166 357 2,7
2008/09 3,161 346 2,9
2009/10 3,393 365 3,0
Note: This is an episode level analysis.this period, the rate of TBI increased in all three age
groups. Specifically, the rate of hospitalized TBI episodes
among patients 65 to 74 years of age increased by 11%, the
rate among patients aged 75 to 84 years increased by al-
most 50%, and the rate among patients aged 85 years and
older increased by 63%. Each year, the rate of hospitalized
TBI episodes in the 85 years and older age group was also
higher than the 75 to 84 and 65 to 74 year age groups. In
2009, the rate of patients aged 85 years and older (361 per
100,000) was 1.89 the times the rate of patients aged 75 to
84 years (191 per 100,000) and was 4.63 times the rate of
patients aged 65 to 74 years (78 per 100,000) (see Table 1).
Mechanism of injury
Falls were the leading cause of TBI among hospitalized
older adults, followed by MVC. According to the chi-
square test, the association of mechanism of injury and
age categories was statistically significant (p < .001). As
the age groups increased, the percentage of TBI due to
falls increased from 70% to 88% while the percentage of
TBI due to MVC decreased from 11% to 4%. Among pa-
tients who fell, the most common types of falls were falls
on the same level and falls on and from stairs and steps.
With increasing age, the percentage of older adults that
fell on the same level increased from 34% to 41% while
the percentage that fell on and from stairs and steps de-
creased from 21% to 12% (see Table 2).groups in Ontario, 2003/04 – 2009/10
Age groups
75 – 84 Years 85+ Years
Rate per 100,000 N Rate per 100,000
94 153 3,876 286
5 128 361 222
1 134 440 262
6 144 436 243
6 147 547 283
4 160 563 272
09 166 720 326
53 191 809 361
I
84 509 7,509 554
91 562 990 610
50 538 1,060 630
60 545 1,095 611
27 478 1,035 535
75 462 990 478
45 483 1,081 490
36 502 1,258 561
Table 2 Mechanism of injury among TBI patients by age groups in Ontario, 2007/08 – 2009/10
Mechanism of injury *** Age groups
65 – 74 Years 75 – 84 Years 85+ Years
N Col% N Col% N Col%
Total 2,308 100 3,398 100 2,201 100
Fall 1,610 69.8 2,752 81.0 1,932 87.8
On the same level 543 33.7 1087 39.5 782 40.5
From one level to another 164 10.2 97 3.5 27 1.4
Involving furniture 66 4.1 126 4.6 135 7.0
Involving wheelchair/walker 25 1.6 28 1.0 68 3.5
On and from stairs and steps 339 21.1 445 16.2 236 12.2
Other and unspecified 473 29.4 969 35.2 684 35.4
Motor vehicle collision 261 11.3 219 6.4 77 3.5
Struck by/against 80 3.5 68 2.0 34 1.5
Other 271 11.7 258 7.6 96 4.4
Missing 86 3.7 101 3.0 62 2.8
Statistical Significance (chi-square): *** p < .001.
Note: This is a record level analysis and includes all records with an ABI diagnostic code, as defined in the Methods section.
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From fiscal years 2007/08 to 2009/10, 29% of all hospi-
talized older adults with TBI were 85 years and older.
Statistical differences among the 3 age groups were
found for sex (p < .001), Charlson Comorbidity Index
score (p < .05), LOS in acute care (p < .001), ALC days
(p < .001), and special care days (p < .001). However,
after Bonferroni correction, Charlson Comorbidity Index
score was not significant. The majority were male (54%),
however, with increasing age, the percentage of males
decreased from 64% to 44% while the percentage of fe-
males increased from 36% to 57%. During this period,
21% of TBI patients had a Charlson Comorbidity Index
score of 2 or higher, 37% stayed in acute care for 12 days
or longer, 23% had at least one ALC day, and 26% had at
least one special care day. As the age groups increased,
the percentage of patients that stayed in acute care for
12 days or more increased from 33% to 41% and the per-
centage with at least one ALC day increased from 18%
to 30%. Conversely, the percentage of cases with at least
one special care day decreased from 34% to 17% (see
Table 3). The top three types of Charlson Comorbidities
among older adults with TBI were diabetes with no
organ failure (17%), dementia (11%), and diabetes with
organ failure (7%) (see Table 4).
Discharge destination
Chi-square tests showed a significant association between
age categories and discharge destination (p < .001). Over-
all, almost 50% of older adults were discharged home after
acute care, followed by inpatient rehabilitation (11%) and
LTC (9%). Approximately one fifth of older adults died in
acute care. The percentage of older adults dischargedhome and to inpatient rehabilitation decreased from 59%
to 36% and 13% to 8% respectively with increasing age; the
percentage of patients discharged to CCC and LTC in-
creased from 5% to 7% and from 4% to 16% respectively.
With increasing age, the percentage of older adults
that died in acute care increased from 14% to 29%
(see Table 3).
Non-traumatic brain injury
From fiscal years 2003/04 to 2009/10, there were 51,233
nTBI hospitalization episodes among older adults. During
this period, there was an overall decreasing trend in the
rate of hospitalized nTBI episodes; however, it fluctuated
between 2003/04 and 2009/10. From 2003/04 to 2009/10,
the rate of hospitalized nTBI episodes among patients 65
to 74 years of age decreased by 9%, the rate among pa-
tients aged 75 to 84 years decreased by 11%, and the rate
among patients aged 85 years and older decreased by 8%.
However, from 2007/08 to 2009/10, there was a 2% in-
crease in the rate of hospitalized nTBI episodes among pa-
tients aged 65 to 74 years, 9% among patients aged 75 to
84 years, and 17% among patients aged 85+ years. With
older age groups, the rate of hospitalized nTBI episodes
from 2003/04 to 2009/10 also increased. In 2009/10, the
rate of hospitalized nTBI episodes among patients aged 85
years and older in acute care (561 per 100,000) was 1.12
times the rate of patients aged 75 to 84 years (502 per
100,000), which was 1.38 times the rate of patients aged
65 to 74 years (365 per 100,000) (see Table 1).
Type of Non-traumatic brain injury
Chi-square tests revealed a significant association be-
tween age categories and type of nTBI (p < .001). The
Table 3 Characteristics of hospitalized TBI patients by age groups in Ontario, 2007/08 to 2009/10
Characteristics Age groups
Older adults (65+ Years) 65 – 74 Years 75 – 84 Years 85+ Years
N Col % N Col % N Col % N Col %
Overall 6,511 100 1,868 100 2,759 100 1,884 100
Sex ***
Males 3,482 53.5 1,189 63.7 1,474 53.4 819 43.5
Females 3,029 46.5 679 36.3 1,285 46.6 1,065 56.5
1 Charlson comorbidity index *
0 – 1 (low) 5,169 79.4 1,518 81.3 2,155 78.1 1,496 79.4
2 – 3 1,043 16.0 261 14.0 468 17.0 314 16.7
4+ (high) 299 4.6 89 4.8 136 4.9 74 3.9
Length of stay in acute care (days) ***
1 – 2 824 12.7 246 13.2 345 12.5 233 12.4
3 – 5 1,602 24.6 501 26.8 696 25.2 405 21.5
6 – 11 1,679 25.8 505 27.0 694 25.2 480 25.5
12+ 2,406 37.0 616 33.0 1,024 37.1 766 40.7
Alternate level of care days ***
None 5,018 77.1 1,528 81.8 2,163 78.4 1,327 70.4
1 – 2 180 2.8 43 2.3 73 2.6 64 3.4
3 – 5 240 3.7 69 3.7 93 3.4 78 4.1
6 – 11 361 5.5 81 4.3 145 5.3 135 7.2
12+ 712 10.9 147 7.9 285 10.3 280 14.9
Special care days ***
None 4,810 73.9 1,237 66.2 2,016 73.1 1,557 82.6
1 – 2 657 10.1 226 12.1 300 10.9 131 7.0
3 – 5 461 7.1 179 9.6 184 6.7 98 5.2
6 – 11 304 4.7 103 5.5 146 5.3 55 2.9
12+ 279 4.3 123 6.6 113 4.1 43 2.3
Discharge destination ***
Death 1,344 20.6 255 13.7 553 20.0 536 28.5
Home 3,087 47.4 1,096 58.7 1,315 47.7 676 35.9
Inpatient rehabilitation 708 10.9 235 12.6 329 11.9 144 7.6
Complex continuing care 360 5.5 90 4.8 141 5.1 129 6.8
Long term care 606 9.3 65 3.5 236 8.6 305 16.2
Other 406 6.2 127 6.8 185 6.7 94 5.0
Statistical Significance (chi-square): * p < .05; ** p < .01; *** p < .001.
This is a patient level analysis. Note: 1After Bonferroni correction, Charlson Comorbidity Index score was not significant.
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adults from fiscal years 2003/04 to 2009/10 were brain
tumours (44%), anoxia (20%), and vascular insults (14%).
With increasing age the percentage of nTBI due to brain
tumours decreased from 53% among patients aged 65 to
74 years to 26% among patients aged 85 years and older.
Conversely, the percentage due to anoxia and vascular
insults increased from 16% to 28% and from 9% to 23%
respectively (see Table 5).Demographic and clinical characteristics
From fiscal years 2007/08 to 2009/10, 17% of all hospi-
talized older adults with nTBI were 85 years or older.
Statistical differences among the 3 age groups were
found for sex (p < .001), Charlson Comorbidity Index
score (p < .001), LOS in acute care (p < .001), ALC days
(p < .001), and special care days (p < .001). While there
was a slightly higher percentage of males overall (52%),
with increasing age, the percentage of females increased
Table 4 Prevalence of diagnoses captured by the
Charlson comorbidity index by type of brain injury in
Ontario, 2007/08 – 2009/10
Diagnosis*** TBI N (%) nTBI N (%)
Overall 6,614 (100) 17 794 (100)
Metastatic cancer 93 (1.4) 4,928 (27.7)
Cerebral vascular disease 308 (4.7) 3,662 (20.6)
Diabetes with no organ failure 1,133 (17.1) 3,336 (18.8)
Primary cancer 190 (2.9) 2,386 (13.4)
COPD/other respiratory disorder 302 (4.6) 2,196 (12.3)
Diabetes with organ failure 453 (6.9) 1,899 (10.7)
Congestive heart failure 321 (4.9) 1,486 (8.4)
Dementia 734 (11.1) 1,329 (7.5)
Acute myocardial infarction 236 (3.6) 1,261 (7.1)
Renal disease 273 (4.1) 1,112 (6.3)
Hemiplegia 192 (2.9) 650 (3.7)
Peripheral vascular disease 67 (1.0) 329 (1.9)
Rheumatologic disease 41 (0.6) 147 (0.8)
Mild liver disease 15 (0.2) 129 (0.7)
Digestive ulcer 16 (0.2) 112 (0.6)
HIV infection 0 5 (0.03)
Note: This is a record level analysis and includes only records with a Charlson
Comorbidity. For each DAD record, all multiple Charlson Comorbidities were
included. Statistical significance (chi-square): *** p < .001.
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period, 62% had a Charlson Comorbidity Index score of
2 or higher, 43% stayed in acute care for 12 days or lon-
ger, 19% had at least one ALC day, and 28% had at least
one special care day. With older age, the percentage of
patients that stayed in acute care for 12 days or more in-
creased from 40% to 43% and the percentage with at
least one ALC day increased from 14% to 24%. Con-
versely, the percentage of cases with at least one specialTable 5 Type of nTBI by age groups in Ontario, 2003/04 – 20
Cause of Injury ***




Brain Tumour 25,727 43.9
Encephalitis 971 1.7
Meningitis 1,052 1.8
Metabolic encephalopathy 4,839 8.3
Other brain disorders and infections 5,301 9.0
Toxic effects 841 1.4
Vascular insults 8,014 13.7
Note: This is a record level analysis. For each DAD record, all multiple nTBI codes w
Statistical significance (chi-square): *** p < .001.care day decreased from 32% to 18% and the percentage
with a Charlson Comorbidity Index score of 2 or more
decreased from 66% to 54% (see Table 6). The top three
types of Charlson Comorbidities among older adults
with nTBI were metastatic cancer (28%), cerebral vascu-
lar disease (21%), and diabetes with no organ failure
(19%) (see Table 4).
Discharge destination
Chi-square tests showed a significant association be-
tween age categories and discharge destination (p < .001).
Overall, from fiscal years 2007/08 to 2009/10, 44% were
discharged home from acute care, followed by CCC (7%),
LTC (6%), and inpatient rehabilitation (6%). Almost one
third of nTBI patients in acute care died. As the age
groups increased, the percentage of patients discharged
home decreased from 52% to 32% while percentage to
CCC and LTC increased from 6% to 10% and from 3% to
14% respectively. The percentage discharged to inpatient
rehabilitation remained relatively stable throughout the
age groups. With increasing age, the percentage of older
adults with nTBI that died in acute care increased from
28% to 36% (see Table 6).
Traumatic vs. Non-traumatic brain injury
Demographic and clinical characteristics
Chi-square tests revealed a statistically significant associ-
ation between the type of brain injury and specific
demographic and clinical characteristics. A significantly
higher proportion of older adults with nTBI were aged
65 to 74 years (p < .001) while a significantly higher pro-
portion of older adults with TBI were aged 85+ years. A
significantly higher proportion of older adults with nTBI
had a Charlson Comorbidity Index score of 2 or higher
(p < .001), stayed in acute care for 12 days or longer (p <
.001), and had at least one special care day (p < .01).09/10
Age groups
65 – 74 Years 75 – 84 Years 85+ Years
N Col% N Col% N Col%
26,484 100 23,917 100 8,227 100
4,347 16.4 5,210 21.8 2,326 28.3
14,073 53.1 9,510 39.8 2,144 26.1
480 1.8 359 1.5 132 1.6
558 2.1 373 1.6 121 1.5
1,859 7.0 2,116 8.8 864 10.5
2,309 8.7 2,310 9.7 682 8.3
463 1.7 283 1.2 95 1.2
2,395 9.0 3,756 15.7 1,863 22.6
ere included.
Table 6 Characteristics of hospitalized nTBI patients by age groups in Ontario, 2007/08 to 2009/10
Characteristics Age groups
Older adults (65+ Years) 65 – 74 Years 75 – 84 Years 85+ Years
N Col % N Col % N Col % N Col %
Overall 16,958 100 7,092 100.0 6,967 100.0 2,899 100.0
Sex ***
Males 8,826 52.0 3,905 55.1 3,683 52.9 1,238 42.7
Females 8,132 48.0 3,187 44.9 3,284 47.1 1,661 57.3
Charlson comorbidity index ***
0 – 1 (low) 6,445 38.0 2,416 34.1 2,689 38.6 1,340 46.2
2 – 3 4,661 27.5 1,769 24.9 2,016 28.9 876 30.2
4+ (high) 5,852 34.5 2,907 41.0 2,262 32.5 683 23.6
Length of stay in acute care (days) ***
1 – 2 1,675 9.9 677 9.5 690 9.9 308 10.6
3 – 5 3,349 19.7 1,567 22.1 1,255 18.0 527 18.2
6 – 11 4,730 27.9 2,016 28.4 1,905 27.3 809 27.9
12+ 7,204 42.5 2,832 39.9 3,117 44.7 1,255 43.3
Alternate level of care days ***
None 13,777 81.2 6,082 85.8 5,499 78.9 2,196 75.8
1 – 2 455 2.7 154 2.2 195 2.8 106 3.7
3 – 5 520 3.1 173 2.4 223 3.2 124 4.3
6 – 11 797 4.7 247 3.5 371 5.3 179 6.2
12+ 1,409 8.3 436 6.1 679 9.7 294 10.1
Special care days ***
None 12,176 71.8 4,810 67.8 4,999 71.8 2,367 81.6
1 – 2 1,830 10.8 909 12.8 708 10.2 213 7.3
3 – 5 1,187 7.0 546 7.7 492 7.1 149 5.1
6 – 11 923 5.4 425 6.0 403 5.8 95 3.3
12+ 842 5.0 402 5.7 365 5.2 75 2.6
Discharge destination ***
Death 5,129 30.2 1,949 27.5 2,151 30.9 1,029 35.5
Home 7,512 44.3 3,697 52.1 2,903 41.7 912 31.5
Inpatient rehabilitation 1,002 5.9 396 5.6 446 6.4 160 5.5
Complex continuing care 1,229 7.2 397 5.6 556 8.0 276 9.5
Long term care 1,082 6.4 186 2.6 502 7.2 394 13.6
Other 1,004 5.9 467 6.6 409 5.9 128 4.4
Statistical Significance (chi-square): *** p < .001.
Note: This is a patient level analysis.
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http://www.biomedcentral.com/1471-2318/13/97Univariate odds ratio showed that nTBI patients were
6.28 times more likely to have a Charlson Comorbidity
Index score of 2 or higher, 1.26 times more likely to stay
in acute care for 12 days or longer, and 1.11 times more
likely to have at least one special care day. Conversely,
TBI patients were 1.29 times more likely to have at least
one ALC day. One of the common top three Charlson
Comorbidities among both TBI and nTBI patients was
diabetes with no organ failure. Chi-square test revealedthat a significantly higher proportion of older adults with
nTBI had this comorbidity (p < .01).
Discharge destination from acute care
Chi-square tests showed a statistically significant associ-
ation between the type of brain injury and discharge
destination from acute care. Specifically, a significantly
higher proportion of TBI patients were discharged home
(p < .001), to inpatient rehabilitation (p < .001), and to
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tients were discharged to CCC (p < .001) and died in acute
care (p < .001). Univariate odds ratio showed that TBI pa-
tients were 1.13 times more likely to be discharged home,
1.93 times more likely to be discharged to inpatient re-
habilitation, and 1.51 times more likely to be discharged to
LTC. However, nTBI patients were 1.34 times more likely
to be discharged to CCC and 1.67 times more likely to die
in acute care.
Discussion
This paper is the first, to our knowledge, to focus on
older adults only with ABI in Ontario, Canada, by older
adult age groups. Specifically, this paper examined the
trends and profile of hospitalized older adults with TBI
and nTBI diagnosis codes with preliminary comparisons
between TBI and nTBI patients in this care setting.
From 2003/04 to 2009/10, the rate of TBI in acute care
increased while there was an overall decreasing trend in
the rate of nTBI. However, each year, the overall rate of
ABI increased with age. In 2009/10 alone, the rate of TBI
among older adults aged 85+ years was 89% higher than
the rate among patients aged 75 to 84 years and 362%
higher than the rate among patients aged 65 to 74 years.
Similarly, the rate of nTBI among older adults aged 85
years and older was 12% higher than the rate among pa-
tients between the ages of 75 to 84 years and 54% higher
than the rate among patients aged 65 to 74 years.
The finding that the rate of nTBI fluctuated from
2003/04 to 2009/10 is in line with recent cancer statis-
tics from the United States [27]. Periods of increasing
rates of nTBI may be due to improved diagnostic tech-
niques, which may result in more cases of nTBI
detected. Studies from a range of countries have found
increasing rates of brain tumours among older adults
and have cited increased availability of neuroimaging
techniques as potentially responsible for the increase in
diagnoses. Better and more accessible diagnostic imaging
may also result in more care offered in outpatient set-
tings versus in hospital [9-11]. The finding that the rate
of TBI increased from 2003/04 to 2009/10 corroborates
recent findings from other developed countries like
Australia, where Harvey and Close examined TBI cases
in the hospital from 1998 to 2011. They found that dur-
ing this period, the hospitalization rate for TBI among
older adults increased by 7.2%, with a consistently higher
rate among males [28]. Older adults are the fastest grow-
ing segment of the population; thus, policy makers need
to prepare for an increase of ABI in acute care, espe-
cially among older adults, from both prevention and
health care delivery perspectives. The focus on cognitive
disability among older adults caused by dementia and
stroke clearly demonstrates the importance of under-
standing the distinct profiles of these patients to planaccordingly. For example, dementia and cerebrovascular
disease were common in the TBI and nTBI patient sam-
ples. Understanding the relationships between these
types of brain injury, and ensuring that the effects of dif-
ferent types of brain injury be appropriately assessed
and managed, are crucial. We and others have shown
that older adults can make significant functional cogni-
tive gains in inpatient rehabilitation [29,30]. Therefore, it
is important that services provided in inpatient rehabili-
tation be offered to older adults with ABI.
The finding that falls are the leading cause of TBI
among older adults in acute care aligns with results from
around the world [4-6,16,31,32]. The dramatic increase
in TBI due to falls illustrates the need for an increased
focus on falls prevention strategies among older adults.
This study is the first population based study, to our
knowledge, to show patterns of falls by subtypes. It
showed that age differences exist by type of falls. Specif-
ically, among TBI patients that sustained their injury as
a result of a fall, the percentage that fell on the same
level increased with age while the percentage that fell on
and from stairs and steps decreased. In a 2003 study on
blunt head trauma using the Ontario Trauma Registry
datasets, Pickett, Simpson, and Brison found that the
highest number of falls was among older patients aged
60 years and up. Among this age group, the leading falls
subtypes were also falls on the same level and on stairs
and steps [33]. However, this current study provides
much more detail about the cause of falls by more spe-
cific age groups among the older adult population. This
is important, as Luukinen and colleagues concluded
from a population based study that falls related TBI pre-
dicted earlier onset of dementia [34]. Also, a TBI with an
existing dementia, for instance, can be an additional risk
factor for a fall due to balance and other problems that
may result. Reviews on Alzheimer’s disease and TBI have
also supported a link between these two conditions
[35,36] and studies have shown that having a TBI is a
significant predictor of premature mortality [37,38]. As
such, detailed examination of the types of falls in this
population is critical to inform falls prevention strategies
and in particular, to prevent another fall. Persons with
TBI may be at risk for subsequent falls due to balance,
mobility, and cognitive disability as well as environmen-
tal challenges. Preventing re-injury should be a goal and
education is emerging regarding falls prevention in this
group [39]. It is also acknowledged that factors such as
substance use, dementia, and other neurological condi-
tions can also lead to a fall. Future studies should iden-
tify significant predictors of falls and falls subtypes
among older adults.
Demographic and clinical characteristics of hospital-
ized ABI patients also differed by age groups. In particu-
lar, as the age groups increase, the percentage of female
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age of patients with nTBI due to anoxia increased while
the percentage due to brain tumours and vascular insults
decreased with age. Moreover, the percentage of ABI pa-
tients that stayed in acute care for 12 days or more and
had at least one ALC day also increased with age. This
suggests that if the trends in the rate of TBI continue,
policy makers and health care professionals need to pre-
pare for the increase in the length of stay and more de-
lays in discharge from acute care in the coming years as
the proportion of older adults increases in Ontario. This
is particularly important, as ALC days are very costly to
the health care system and are not desirable in terms of
the patient experience. Further, while TBI overall is more
common in males, the sex distribution among this older
hospitalized cohort is fairly equitable. As such, it is im-
portant to address sex specific issues in both TBI and
nTBI populations.
Findings on discharge destination from acute care
showed that among both TBI and nTBI patients, the
percentage that were discharged to CCC and LTC in-
creased with age. Unpublished observations from
Colantonio and colleagues found that approximately
50% of patients in the CCC with TBI are older adults.
This suggests that there is a demand for the use of these
health care services in the near future without any other
options in place. Moreover, given that the percentage of
patients discharged home decreased with age, providing
enhanced home services that meet the patients’ needs
should be explored in an attempt to discharge more pa-
tients home to age in place. Future research examining
discharge disposition should examine the category of
home in more detail. For instance, examining discharges
of persons who went home with and without support
services may reveal differences among these patients.
Specifically, patients discharged home with home ser-
vices may have more health problems. However, it may
also identify whether individuals received needed sup-
ports, and therefore assist in the planning of health care
services in the community. For example, in an adult
population of ABI patients aged 19 years and older,
Chen et al. in 2012 found that older adults were signifi-
cantly more likely to be discharged to inpatient rehabili-
tation or institutionalized care after acute care [15].
Research examining the predictors of discharge to vari-
ous health care settings and of death exclusively among
older adults that controls for significant confounders
such as age, however, is needed.
Finally, this paper suggests that older adults with TBI
and nTBI are distinct populations, with significantly
more nTBI patients with a Charlson Comorbidity Index
score of 2 or higher, staying in acute care for 12 days or
longer, and with one or more special care days. Dis-
charge destinations also differed significantly by type ofbrain injury, with more TBI patients discharged home,
to inpatient rehabilitation, and to LTC after acute care.
The difference in percentage discharged to rehabilitation
was most notable among these discharge destinations
and could explain why more TBI patients had more
ALC days as they may be waiting for inpatient rehabili-
tation services versus being discharged elsewhere. Of
particular importance is that significantly more nTBI pa-
tients had a Charlson Comorbidity Index score of 2 or
higher, with odds ratio indicating that these patients
were 6.28 times more likely than TBI patients to have
this score. The high Charlson Comorbidity Index score
could also explain the higher percentage of nTBI pa-
tients with in-hospital mortality and the type of diagno-
ses such as brain tumours, which may have a poorer
prognosis. A previous study by Colantonio et al. also
demonstrated that nTBI patients in inpatient rehabilita-
tion across all age groups had significantly more
comorbidities and had a significantly higher percentage
of mental health diagnoses [12]. Thus, this finding indi-
cates that in both health care settings, comorbidities are a
prevalent issue in the ABI population, especially among
nTBI patients. This finding is of particular importance, as
research on TBI patients with comorbidities has indicated
that comorbidities have an adverse impact on the outcome
of these patients [40-42]. Moreover, this finding suggests
that health care professionals must be prepared for the ex-
istence of comorbidities among ABI patients and in par-
ticular, older adults with nTBI. This paper provided the
basis for future comparisons between older adults with
TBI and nTBI, which is important, given that these pa-
tients are often placed side by side in the rehabilitation set-
ting. Understanding the differences in the profiles and
outcomes of these two populations may lead to more
targeted rehabilitation programs for these patients.
Strengths and limitations
The strength of this project is that the Ontario ABI
Dataset captures information on both traumatic and
non-traumatic brain injury across the entire provincial
population and the definition of ABI in this dataset
covers mild TBI as well. While many registries exist that
examine TBI internationally, there are little population
based data on brain injury from non-traumatic causes
even though persons with nTBI may have similar func-
tional disabilities despite the varying mechanisms of in-
jury. Also, data on hospitalizations were obtained from
the DAD, which contains all acute care hospitalizations
in the province of Ontario [20]. Ontario has publicly
funded health care and therefore the data may have less
bias as a result of non-differential access to care. Ontario
accounts for 40% of all Canadians [17], thus findings
from this study are highly generalizable and can inform
other provinces in Canada.
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istrative data must be recognized. First, information on
discharge destination was not based on actual linkage of
records across the continuum of care; thus, misclassifi-
cation bias is possible. Second, patients were identified if
they had an ABI code in any diagnosis position, regard-
less of whether the brain injury was the most responsible
diagnosis during the study period and thus, the popula-
tion under study may differ with regard to their brain in-
juries. As such, a brain injury may not have been the
most responsible diagnosis (i.e., the condition most re-
sponsible for their length of stay in acute care) in the re-
cords included in this study. Additionally, while not a
limitation to the study, it should be noted that we also
used a relatively conservative definition of TBI compared
to other studies [4] so comparisons should be made with
this in mind. Furthermore, there is currently no inter-
national consensus of what constitutes nTBI. We
propose more discussion regarding consensus of diag-
nostic classifications regarding nTBI. This is important,
given that we expect higher survival rates in the future
with implications for improved quality of life.Conclusions
This paper provides a compelling argument for giving
more attention to older adults with ABI. With the aging
population and the increase in the rate of ABI in acute
care as people age, a focus on prevention strategies
targeted at the older adult population is crucial. Falls are
a major cause of TBI and injuries to the head should be
assessed when a fall occurs. Moreover, health care ser-
vices need to prepare for an increasing number of older
adults with potential long term cognitive and other im-
pairments accessing services such as LTC and CCC.
Clinicians serving older adults with acquired brain injury
should be educated about the best way to screen, diag-
nose and manage these potentially life long conditions.
The need for long term community support for these in-
dividuals and their families to avert more costly care is
an important policy issue. Research into how specific pa-
tient characteristics and, in particular, comorbidities
among this vulnerable population will assist in the plan-
ning and improvement of services for ABI patients.Competing interests
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